Background/Aims: Diabetic nephropathy is the one of the most serious microvascular complications of diabetes mellitus, and "metabolic memory" plays a vital role in the development of diabetic complications. To investigate the effect of epigenetics on metabolic memory, we analyzed the impact of transient high-glucose stimulation on the secretion of inflammatory factors from rat glomerular mesangial cells. Methods: Rat glomerular mesangial cells (HBZY-1) were divided into three groups: high-glucose group (25 mM glucose), hypertonic group (5.5 mM glucose+19.5 mM mannitol), and normal-glucose control group (5.5 mM glucose). Mesangial cells were cultured in high-glucose, hypertonic, and normal-glucose media for 24 h and transitioned to normal-glucose culture for 24, 48, and 72 h. Then, protein, mRNA, and supernatants were harvested. The expression of monomethylated H3K4 was determined by western blot analysis, and the expression of the NF-κB subunit p65 and histone methyltransferase set7/9 was determined by quantitative real-time PCR. The expression of monocyte chemoattractant protein 1 (MCP-1) and vascular cell adhesion molecule 1 (VCAM-1) was detected by an enzyme-linked immunosorbent assay. Results: Compared with the control group, H3K4me1 expression was upregulated after transient high-glucose stimulation, gradually downregulated in the following 48 h (P < 0.05), and reached the level of the control group at 72 h (P > 0.05). The expression of set7/9 was increased after 24 h of high-glucose stimulation and the following 24 h and 48 h (P < 0.05); it then returned to the level of the control group at 72 h. Compared with the control group, the increased expression of p65,
Introduction
Diabetic nephropathy (DN) is the one of the most serious microvascular complications of diabetes mellitus; it has become the leading risk factor for the development of endstage renal disease [1, 2] . However, the mechanism underlying the pathogenesis of DN is incompletely resolved, and there is no specific drug for the treatment and prevention of the development of DN, which has become a worldwide burden on public health. Recently, dysfunction of glomerular mesangial cells has been suggested to play a vital role in the pathogenesis of DN [3] _ENREF_3. Actually, even with strict control of plasma glucose, many diabetic patients eventually develop DN. This phenomenon indicates that the targeted organs might have suffered injury induced by hyperglycemia. Currently, sustained injury under normal glucose concentrations in diabetic patients is referred to as "metabolic memory" [4] . In fact, this phenomenon was been demonstrated in the Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) study [5, 6] . In the DCCT/EDIC study, a reduction in the time-averaged mean levels of glycemia, measured as HbA1c, was shown to decrease the risk of sustained retinopathy progression, the primary outcome of the study, by 73%. However, for the entire study group, HbA1c explained less than 25% of the variation in the risk of developing this complication [7] .
Studies have found that metabolic memory dwindles in cells such as vascular smooth muscle cells, retinal endothelial cells, and Schwann cells [8] [9] [10] [11] [12] . However, no studies have examined whether this phenomenon exists in renal parenchymal cells. To investigate whether transient high-glucose (HG) stimulation followed by a normal glucose concentration could induce a sustained release of inflammatory factors from glomerular mesangial cells and its relevance to histone methylation, we designed the present study.
Materials and Methods

Cell culture and materials
The rat mesangial cell line HBZY-1 was purchased from the China Center for Type Culture Collection (Wuhan, China) and cultured in low-glucose Dulbecco's modified Eagle's medium (DMEM; HyClone Technologies, Logan, UT) containing 10% fetal bovine serum (HyClone Technologies). The cells were routinely cultured at 37°C and 5% CO 2 in saturated humidity. When the cells reached 90% confluence, they were assigned to three groups and eight subgroups: the normal-glucose (NG) group, in which the cells were incubated in 5. 
Quantitative real-time PCR detection
Total RNA was extracted from the cells in each group using the TRIzol reagent (Invitrogen, Carlsbad, CA) and transcribed into cDNA by a PrimeScript TM RT reagent kit (Takara Bio, Inc., Kusatsu, Japan). All procedures were performed in accordance with the product instructions. The primer sequences used in the present study are listed in Table 1 . 
Western blotting
Total protein was extracted from the cells in each group using a precooled RIPA lysis buffer containing protease inhibitors. Protein concentrations were determined using a Micro BCA Protein Kit. Approximately 30-50 μg total protein was separated using sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Subsequently, the proteins were transferred onto a nitrocellulose membrane. The membrane was blocked in 3% bovine serum albumin at room temperature for 1 h, followed by incubation with a primary antibody (anti-H3K4me1, 1:1000 dilution; Abcam, Cambridge, UK) for 4 h with slow shaking, and additional incubation at 4°C overnight. GAPDH (1:2000 dilution; Proteintech, Chicago, IL) was used as an internal control. The membrane was washed 3 times with Tris-buffered saline containing Tween-20 (TBST) for 10 min and subsequently incubated with a secondary antibody (1:20000 dilution; Proteintech) at room temperature for 1 h. After washing 3 times with TBST for 10 min, the membrane was developed using an enhanced chemiluminescence solution and scanned. Semi-quantitative analysis was performed by ImageJ image analysis software (National Institutes of Health, Bethesda, MD).
Enzyme-linked immunosorbent assay
All procedures were performed strictly according to the instructions of the monocyte chemoattractant protein 1 (MCP-1) and vascular cell adhesion molecule 1 (VCAM-1) reagent kit (Horabio Co., Shanghai, China). The supernatants from each group of cells were collected, centrifuged at 1000 rpm to remove the precipitate, and stored in a freezer at −80°C. All materials were equilibrated, and the reagents were prepared at room temperature (18-25°C) prior to use; the standards were diluted into five serial dilutions on a concentration gradient. A total of 100 µL deionized water was added to the blank well, while 50 μL standard and 50 μL streptomycin-horeseradish peroxidase (HRP) were added to the standard wells, and 40 μL cell supernatant, 50 μL streptomycin-HRP, and 10 μL anti-VCAM-1 antibody or anti-MCP-1 antibody were added to the sample wells. All wells contained a total volume of 100 μL. The wells were covered with a film and incubated for 1 h at room temperature with gentle shaking. The solutions in the wells were discarded, and the plate was inverted and blotted against clean paper towels. Then, 300 µL washing solution was added to each well, and the plate was allowed to stand for 30 s and then blotted against clean paper towels; this process was repeated 5 times. The plate was patted dry, and 50 μL each of Assay Diluents A and B was added to each well. Then, the plate was incubated for 10 min at room temperature in the dark with gentle shaking. Finally, 50 μL Stop Solution was added to each well, and after 15 min, absorbance was read at 450 nm.
Statistical analysis
All experiments were repeated at least three times independently. Quantitative data are presented as the mean ± standard error of the mean (x± s). Statistical analysis was performed using Statistical Package for Social Science (SPSS) 17.0 software (SPSS Inc., Chicago, IL). Pairwise comparisons were performed using the t-test. P < 0.05 indicated that the observed difference was statistically significant.
Results
Transient HG stimulation upregulates the expression of the histone methyltransferase set7/9
Separately, HBZY-1 cells in the three groups were incubated in HG, HT, and NG culture media for 24 h and then in NG medium for 24, 48, and 72 h (Fig. 1) . Compared with the NG and HT groups, set7/9 mRNA expression was increased in the HG group. When the mesangial cells in the HG group were transferred to the NG condition for 24 and 48 h, the expression of set7/9 mRNA was consistently upregulated, and its expression level was higher than in
the NG and HT groups (P < 0.05); however, after 72 h of NG treatment, there was no difference in the expression of set7/9 mRNA between the groups (P > 0.05) (Fig. 2) .
Transient HG stimulation induces sustained H3K4 monomethylation
The expression of H3K4me1 in mesangial cells was detected by western blot analysis. The results showed that HG treatment for 24 h induced the upregulation of H3K4 monomethylation; meanwhile, this upregulated H3K4 monomethylation was sustained for at least 48 h. However, there was no difference between the HT and NG groups (Fig. 3) .
Transient HG stimulation upregulates the expression of NF-κB p65 mRNA
Due to histone methylation, monomethylation of H3K4 could free target genes from the repression of histone complexes. Therefore, we examined the expression of NF-κB p65 mRNA to identify the consequence of H3K4 monomethylation. The expression of NF-κB p65 mRNA was upregulated in mesangial cells for 72 h in the HG group, and even after 72 h of NG culture (Fig. 4) .
Upregulation of inflammatory factors after transient HG stimulation
To investigate the effect of the upregulation of NF-κB p65, an enzyme-linked immunosorbent assay was used to examine the expression of related inflammatory factors, that is, MCP-1 and VCAM-1. The results showed that MCP-1 and VCAM-1 were upregulated in the supernatant of the HG group under the NG condition that followed (Fig. 5) . 
Discussion
It has been proven that hyperglycemic conditions can induce a series of pathological changes in the kidney that cannot be reversed at the present time. Therefore, the main strategy to prevent such pathological changes is to control glycemia. Thus, the main preventive measures for diabetic complications are controlling glycemia, blood pressure, and blood lipids at physiological levels. Under strict glycemic control, however, a subset of diabetic patients can still develop irreversible DN. In the present study, we showed that the transient exposure of rat renal mesangial cells to a HG condition could induce persistent epigenetic changes in the promoter region of the NF-κB p65 gene. These epigenetic changes were sustained for no less than 48 h; however, the upregulated expression of NF-κB p65 subunit-target inflammatory factors, namely, MCP-1 and VCAM-1, persisted for more than 72 h. It has been demonstrated that transient hyperglycemia causes the persistent recruitment of the histone methyltransferase set7/9 and increased H3K4 monomethylation in the proximal NF-κB promoter, leading to the exposure of p65 in the DNA fragment wrapped on histone and the subsequent upregulation of related genes [13] . Our findings indicate that HG stimulation for 24 h could upregulate the translation of set7/9, which is consistent with the monomethylation of H3K4, in rat renal mesangial cells. When the cells were subsequently transitioned to NG medium, the upregulated expression of set7/9 was sustained for more than 48 h; however, the upregulation of H3K4 monomethylation was sustained for more than 72 h. The reason for this observation might be that the inhibition of the related histone demethylase in the HG condition was resolved in the NG condition, and demethylation was delayed for approximately 24 h. It has been demonstrated that transient HG (16 h ) stimulation can induce a transient upregulation in H3K4me1 expression in mouse aortic endothelial cells, which is consistent with our results. In a previous study, the set7/9 gene was knocked down, and transient HG stimulation could not induce the upregulation of H3K4me1 [14] .
MCP-1 is a small cytokine that belongs to the CC chemokine family. It recruits monocytes, memory T cells, and dendritic cells to the sites of inflammation produced by either tissue injury or infection [15, 16] . VCAM-1 protein mediates the adhesion of lymphocytes, monocytes, eosinophils, and basophils to the vascular endothelium. It also functions in leukocyte-endothelial cell signal transduction [17] . Both of these chemokines play a vital role in early inflammation. Acting as an important inflammatory signaling pathway, NF-κB mediates the pathogenesis and prognosis of DN [18] [19] [20] . In addition, the NF-κB p65 subunit is upregulated in circulating monocytes, renal tubular epithelium of diabetic patients, and mouse aortic endothelial cells [21, 22] . In our study, 24 h HG stimulation could upregulate the expression of NF-κB p65 and the related proinflammatory factors MCP-1 and VCAM-1. These results indicate that transient HG stimulation can activate the inflammatory pathway and release inflammatory factors under the NG condition that followed.
Conclusion
Our study shows that transient HG stimulation can induce the expression of the histone methyltransferase set7/9 and H3K4 monomethylation, and this upregulation could be sustained for more than 48 h in renal mesangial cells. In addition, the expression of NF-κB p65, MCP-1, and VCAM-1 was also upregulated. These findings suggest that a HG "memory" can induce a sustained inflammatory effect via an epigenetic mechanism.
